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Technologies  (ART)  ATO 


Schedule 


MILESTONE  (FY) 

04 

05 

06 

07 

08 

•  Develop  ARV  Technology 

•  Develop  UGV  M&S  Suite 

•  Analyze  UGV  Vulnerabilities  and 
develop  countermeasures 

•  System  Integration  and  Test 

•  Conduct  Warfighter  Experiments  and 
Evaluations 

$ 

1  « 

PurQosei 

Advance  the  state  of  the  art  in  unmanned 

platform  technologies  achieve  FCS  ORD 

capabilities  of  ARV  systems  and  ARV  teams. 
Product 

•Enhanced  Semi-Autonomous  Mobility  Suite 
•Integrated  Tactical/Mission  Behavior  System 
•Survivability  Technology/Devices/Payload 
•Above  products  will  be  integrated  into  a 
surrogate  ARV  system  demonstrators  with 
additional  Mission  Modules  to  support  User 
Experiments 

•UGV  Modeling  and  Simulation  Suite 

•Improved  models  for  sensors,  platforms, 
behaviors 

•Models  are  MATREX  compatible 
Payoff: 

•Reduce  soldier  burden/interaction 
•Improved  semi-autonomous  operation  in 
adverse  weather  and  urban/complex  terrain. 
•Tactical  behavior  incorporated  into  semi- 
autonomous  maneuver. 

•Reduced  vulnerability  to  enemy  tampering. 
•Increased  soldier  survivability  using 
unmanned  systems. 
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FY04 
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Continuous  Technology 
Spiral  Integration 


RF  ATD 

tmo  FY06 


cFY07 

•Tactical  Behaviors 

/ 

•Survivability  / 

•Perception  -V 
[rognostic/Diagnostics 

ARTATO 


FY08 


•Tactical  Behavior 
•Survivability  ’  v’ 
•User  TTP  Development 
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ART  Solution  :  Mechanical 


lave  both  tracked  and  wheeled  options  to  follow  ARV  decision 
-  Based  off  of  commercial  platforms  (GPV  6X6,  Ml  13) 


AMS 

Weapons  Simulation 


Weapons  Simulation 
(MILES) 


RSTA 


Intrusion  Sensor 
(Swept  at  360°  per  second) 


Communication 
Antennas 


GPS 

Antenna 


Acoustic 

Sensor 


Front  AMS 
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ART  Solution  :  Vetronics 


(pen  Vetronics  architecture 

Ethernet  backbone  permits  addition  of  new  components 


Tactical 

Behavior 

Controller 


AMS 

Sensors/ 

Actuators 


AMS 

Controller 


RSTA 

Sensors/ 

Actuators 


RSTA 

Controller 


Simulated 

Lethality 

System 


intrusion 

Detection 

Sensors 


Intrusion 

Detection 

Controls 


Human 

Battle 

ARV  Controller 

Machine 

Command 

(mobility 

Interface 

Surrogate 

controller,  P&D) 
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Mobility  Actuator  Controls 

L L 


Safety  Hardware 
Interface 
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Non  Lethal 


Mobility 


Functional  Modules 
Sensors  and  Actuators 
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Real  Hardware  and 
Software  Components  Only 
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ART  Solution  :  Software 


.ayered  software  architecture  approach  uses  middleware  to  reduce 

integration  risk 


Other  Modules 


Diagnostics 

and 

Prognostics 

Anti  Tamper 

Tactical 

Behaviors 

Mobility 

Controller 

GO 

RSTA 

Controls 

I _ 

OE  Wrapper  ] 

OE  Wrapper 
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ANS 
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Major  ARV 
Events 
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Integration  Approach 


i-site  plan  accommodates  concurrent  integration  complexities 

Time-phased  integration  strategy  addresses  availability  limitations 
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Tactical  Behavior  Development 


■  ■  • 


UA  0&0, 
system 
books, 
battle  books, 
robotic  TTPs, 
UA  IPs,  design 
reference 
mission,  etc. 


Identify  and  specify 


Iterative 

Tactical  Behavior 
Synthesis  Process 
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Intelligent  Control  Architecture 


lanages  implementation 

of  complex  behaviors 

Mirrors  ARV/ANS 
architecture 

Architecture  based  on 
4D/RCS  reference  model 


•  JAUS-compliant 

•  Proven  implementation: 
Sensor/servo  to 
commander 
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Advancing  Negative  Obstacle  Detection 


fodeling  &  Simulation 

-  Sensor  placement 

-  Mobility/terrain  interaction 
High  resolution  sensors 

-  LADAR,  Vis/NIR,  LWIR 

-  Pixel-level  fusion 


-  Advanced  preprocessing 
Accumulated  world  model 

-  A-priori  terrain  elevation 

-  Temporal  integration 

-  Support  surface  tracking 
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Opaque  Sensor  Perception 
Advancements  I 


ulti-sensor  phenomenology 


Dust, 

Smoke,  Fog 

MMW,  LWIR 
(except  fog) 

LADAR,  Vis/NIR, 
FPR 

LWIR  (fog) 

Moderate 

Vegetation 

LADAR,  LWIR, 
FPR 

Vis/NIR,  MMW 

Heavy 

Vegetation 

FPR 

LADAR,  Vis/NIR, 
MMW,  LWIR 

Algorithms  for  detection  and  planning 

-  Support  surface  determination 

-  Density  calculation 

-  Multi] 
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erception  Advancement  in  All  Weather 

Conditions 


s  operations  in  degraded  LADAR 
nvironments  through  multi-spectral  sensors.... 


Daytime 

LADAR,  Vis/NIR, 
LWIR,  MMW,  FPR 

Night  / 
Low-Light 

LADAR,  LWIR, 
MMW,  FPR 

Vis/NIR 

Smoke  / 
Dust 

LWIR,  MMW 

LADAR,  Vis/NIR,  FPR 

Dense  Fog 

MMW 

LADAR,  Vis/NIR, 
LWIR,  FPR 

Rain  / 
Snow 

MMW 

LADAR,  Vis/NIR, 
LWIR,  FPR 

...and  improved  algorithms 

-  Adjustable  sensor  weights 

-  Terrain  adaptive  velocity 

-  Data  registration 

-  Sensor  fusion 
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Anti-Tamper  Approach 


luiti-modal  detection  and  response  for  layered  standoff 

integrates  and  augments  state-of-the-art  algorithms 


[Layered  Detection 

RSTA  sensors  - 

•Impulses  (direct  fire) 
detection  and  localization 
•Vehicular  detection 
localization  and  tracking 
•360°  out  to  ~3km 

Autonomous  Mobility  Sensors 

•LADAR  360°  out  to  50m 
•Imaging  360°  out  to  100m 
•Mounted/dismounted  mover 
detection  and  tracking 

Personnel  Detection  RADAR  — 

•360°  out  to  1 00m 
•Detection  and  tracking 


Initial  Warnings 
•Warning  speaker 
•Turret  motion 


Particle  Spray 

•4x90°  non-turreted 
•Concentrated  field  of 
250  sting  balls 
•Countermeasure  out  to 
10-1 5m 


High  Intensity  Search  Light 

•Turreted  75w  Xenon  arc 
lamp  with  strobe 
•6m  candle  power 
•Variable  beam  2°  to  40° 
•Range  of  1.5  miles 


Layered  Response 
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Prognostics  and  Diagnostics  Architecture 


lontinuously  update  our  knowledge  base 

Will  take  advantage  of  the  fused  sensor  data  on  the  ART  platform 
Use  a  COTS  based  inference  engine 
Architecture  consistent  with  FCS  ARV 


Maintet^mceDafta 

D&P  Controller 

Prognostic  SeisorData 

n — ► 

•  COTS  Inference  Engine 

•  Software  for  Failure  Mode 
Model  Execution 

•  Software  for  D&P  Logic 

•  Rules  for  D&P 

Fused  Sensor  fteita 
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BIT  Data  frorh  Subsystem® 
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Dataset  Identified  for 


diagnostics  &  prognostics 


To  ARV  requirements 


Rules,  Models  &  Logic 
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To  ARV  requirements 


CD 
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3 


(0 

LL 


Evaluate 
Diagnostics  and 
Prognostics  Results 
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Vehicle  health 
and  status  to 
ART  subsystems 


superior  tecnnolosy  Fan  a  superior  army 


Experiment  1  Capabilities  -  Sept  2006 


demonstrations  utilizing  ART  vehicle  as  an  ARV  surrogate 
-  Includes  both  user  testing  (with  users  from  UAMBL)  as  well  as 
engineering  tests 


•  AMS 

-  Day-night  operation 

-  Improved  negative  obstacles  • 

•  Tactical  Behaviors 

-  All  move  modes  in  * 

open  terrain  • 

-  Cooperative  movement  with 
other  vehicles 

-  Occupy  battlefield  positions  in 
open  terrain 

•  Anti-tamper 

-  Detection 

-  Mobility  response 


Prognostics  and  Diagnostics 

-  Keep  vehicle  safe 

Demonstrate  ART  meets  final 
mobility  requirements 

Initial  RSTA  capability 
Interface  with  HRI 
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demonstrations  utilizing  ART  vehicle  as  an  ARV  surrogate 

-  Includes  both  user  testing  (with  users  from  UAMBL)  as  well  as 
engineering  tests 


•  AMS 

-  All  weather  operation 

-  Opaque  sensors 

•  Tactical  Behaviors  9 

-  Tactical  movement  in  MOUT 

environment  • 

-  Cooperative  engagements  with  • 
vehicles  and  dismounts 

-  Occupy  MOUT  positions 

-  Stealthy  movement 

-  React  to  local  threat 

-  React  to  loss  of  mission 
capability 


Anti-tamper 

-  Detection 

-  Deterrence  response 

Prognostics 

-  Selected  ARV  use  cases 

Full  RSTA  functionality 
Simulated  lethality  component 
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ransition,  Maturation  &  Risk  Mitigation 

Efforts  for  ARV 


ti-tamper  Techniques 

-  Anti-tamper/ANS  fusion 

-  Includes  360  situational 
awareness 

-  Includes  behaviors  and  p 

Survivability  Technologies 

-  UGV  unique 

Tactical  behaviors/adaptive  tactical 
reasoning 

-  System  level  mobility 

-  Dynamic  vehicle  response 

Embedded  Prognostics  and 
Diagnostics 

-  UGV  unique 
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